Abstract. This paper deals with methods of measuring and analyzing efficiency in the transport industry. The aim of the paper is to introduce and demonstrate the advantages of Multi-directional Efficiency Analysis (MEA) in the case of cost data with limited substitution possibilities. For this purpose we reconsider the Norwegian bus data that has previously been analyzed using econometric models and Data Envelopment Analysis; Jørgensen et al. (1995, 1997), and Odeck and Alkadi (2001). It is shown how, using MEA, it becomes possible to disaggregate inefficiency into different components corresponding to different types of cost generating variables and thereby providing both managers of the bus companies and policy makers with more detailed information on possible improvements in performance.
Introduction
There is considerable literature on the measurement of efficiency in bus industries. In particular, recent European studies have considered the British (Cowie & Asenova 1999) and the Norwegian (Jørgensen et al. 1995; Jørgensen et al. 1997; Odeck & Alkadi 2001) bus industry using parametric as well as non-parametric methods to estimate the levels of technical efficiency -see e.g. Berechman (1993 ) or De Borger et al. (2000 , for a review and discussion of these methods in relation to transportation. Moreover, the performance of the Swedish and Spanish bus industry has been analyzed in Hulten and Folster (1998) and De Rus and Nombela (1997) , respectively. The primary interest seems to have been to investigate the effects of ownership, company size, geographical location etc., on the efficiency assessments. Once such effects are clarified there are of course immediate implications for company management and transport policy.
In the present paper we intend to reconsider the Norwegian bus data. Previously, Jørgensen et al. (1995) , studied the cost structure of the Norwegian For analysis of the Norwegian bus data we apply yet another method to estimate the levels of inefficiency; the so-called Multi-directional Efficiency Analysis (MEA), see Bogetoft and Hougaard (1999, 2004) and Asmild et al. (2003) . MEA, like DEA, is a non-parametric method, differing from DEA in the way in which efficiency is measured. In other words, MEA makes use of an entirely different efficiency index. We shall argue that MEA is better suited for dealing with technologies exhibiting limited substitution possibilities (in inputs) as in the present model of bus companies. Moreover, in general MEA has the advantage that from a managerial viewpoint, it provides more relevant performance information (in a sense to be made precise in the following) and it allows for a more substantive analysis of the effect of external variables on the inefficiency scores.
Throughout the paper we shall compare our results with the results obtained from previous studies of the Norwegian bus industry. In short, we find considerable improvement potentials that are even larger than those estimated by Odeck and Alkadi (2001) . In addition to the results in Odeck and Alkadi (2001), we are able to relate specific improvement potentials to the specific input dimensions and reveal that DEA seems to overestimate the savings potential in fuel costs, whereas, for example, it underestimates the savings potential in costs that are not related to fuel or driver utilization. Further analysis on the influence of external factors indicates that public companies have a better utilization of fuel than private companies. Given fuel costs, on the other hand, private companies have a better utilization of drivers than public companies. Subsidy allocation policies have no effect on the utilization of fuel and drivers. There is, however, an effect on other costs in the sense that ceteris paribus companies with negotiated subsidies are less efficient than companies with subsidies based on cost norms. Such effects cannot be analyzed using a single efficiency score as in, e.g., DEA.
The paper is organized as follows: Section 2 provides a further motivation for the paper. Section 3 presents the data set and basic input-output model used and a preliminary investigation of the data is performed. Section 4 presents the general methodology. The potential improvements idea is introduced and the programs of Multi-directional Efficiency Analysis (MEA) are stated. Section 5 presents the results of MEA and uses the related results from DEA for comparison. Section 6 goes on to further investigate the results
